Background: The present study aims to improve the M-stage classification of pancreatic neuroendocrine neoplasms (pNENs).
Background
Pancreatic neuroendocrine neoplasms (pNENs) are relatively rare tumors. However, a recent population study showed that the incidence of pNENs increased more than 4-fold from 1973 to 2012 [1] . Moreover, pNENs are considered the most serious neuroendocrine neoplasms (NENs), due to the patients have a shorter median overall survival times (3.6 years) when compared to those with tumors located in lung (5.5 years), rectum (24.6 years), and appendix (more than 30.0 years) [1] .
Cancer staging classification systems are used to codify the extent of cancer. They allow clinicians to quantify prognosis and plan treatment for individual patients. Two widely used tumor staging classification systems, which are proposed by the American Joint Committee on Cancer (AJCC) and the European Neuroendocrine Tumor Society (ENETS), describe M 0 -stage as having no distant metastasis and M 1 -stage as having at least one distant metastasis [2, 3] . However, several studies demonstrated that pNENs with liver metastasis have better prognosis than other metastatic patterns [4] [5] [6] .
Therefore, we utilized the Surveillance, Epidemiology, and End Result (SEER) database to explore the prognosis of different metastatic patterns of pNENs and propose a modified M-stage classification. This modified M-stage classification proves to be superior to both AJCC and ENETS M-stage classifications in prognosis.
Methods

Study cohort
As published previously [3] , we utilized the topography codes (C25.0 to C25.9) and histology codes (8150, 8151, 8152, 8153, 8154, 8155, 8156, 8157, 8240, 8241, 8242, 8243, 8244, 8245, 8246, and 8249) of the International Classification of Diseases for Oncology (third edition) to identify pNENs.
Outcomes and variables
The primary outcome was overall survival. Demographic data included age, sex, and race; tumor characteristics included tumor size, primary site, differentiation, 7th AJCC T-stage, and N-stage; treatment information included surgery and radiotherapy. Single organ metastasis was defined as the tumor spreading from pancreas to another single distant organ [7] . Similarly, two organ metastases were defined as the tumor spreading from pancreas to two distant organs. Tumors spreading from pancreas to three or more distant organs were defined as multiple metastases.
Inclusion and exclusion criteria
Patients microscopically diagnosed as pNENs were included in the present study. We excluded cases with unclear or incomplete information about metastasis. In addition, we also excluded cases without information about survival time.
Statistical analyses
To compare the constituent ratio of variables among patients, we broke the continuous variables (age, tumor size) into binary variables. Survival time was plotted using the Kaplan-Meier estimator and Cox proportional hazards model. The results were presented as mean and hazard ratio, respectively, each with a 95% confidence interval (CI). Harrell's concordance index was used to evaluate the discriminatory capability of the modified M stage classification. An index value of greater than 0.70 suggests the classification has an acceptable discriminatory capability [8] . Differences with P ≤ 0.05 divided by the number of meaningful comparisons, Bonferroni correction, were considered to be significant. Differences with P ≤ 0.1 divided by the number of meaningful comparisons, were considered to indicate a tendency. All statistical analyses were performed using SPSS 19.0 (IBM, New York, USA) or R (version 3.5.0).
Results
Patient characteristics
In total, 2666 patients (mean age 60.9 years ±13.6 years; 55.7% male, 78.8% white) were included in the present study (Fig. 1 ). Many patients (55.4%) underwent surgery, and some (4.7%) were treated with radiation. The constituent ratios of tumor size, location, differentiation, T-stage, and N-stage were significantly (P < 0.05) different between patients with and without metastasis ( Table 1) . 
Metastatic patterns and survival
At the time of diagnosis, 1679 (62.98%) patients showed no metastasis. As shown in Fig. 2a , single organ metastases comprised 850 (31.88%) patients, including 817 liver (30.64%), 22 lung (0.83%), nine bone (0.34%), and two brain (0.07%) cases. One hundred and twelve patients (4.20%) showed two-organ metastases, including 52 liver plus bone (1.95%), 53 liver plus lung (1.99%), four bone plus lung (0.15%), two liver plus brain (0.08%), and one bone plus brain (0.04%) cases. Twenty-five patients (0.94%) presented multiple organ metastases, including 19 cases of liver plus lung plus bone (0.71%), three cases of liver plus lung plus brain (0.11%), and three cases of liver plus lung plus brain plus bone (0.11%).
To assess survival time of different metastatic patterns, we compared the survival time of patients without metastasis to those with single distant organ metastasis, two-organ metastases, and multiple organ metastases. As the number of metastatic organs increased, survival time was significantly (P < 0.001) reduced (Fig. 2b) . In addition, patients with only liver metastasis had a longer survival time than did other single-organ metastases (Fig. 2c ), whereas patients with bone, lung or two-organ metastasis had similar mean survival time (bone, 18.32 months ± 5.27 months; lung, 17.77 months ± 3.54 months, two organs metastases, 15.79 months ± 1.70 months).
Modified M-stage classification and discriminatory capability
Thus, based on the observed metastatic patterns and survival times, we modified the M-stage classification (mM-stage) as shown in Table 2 . Tumor without metastasis was defined as mM 0 -stage. Tumor spread from pancreas only to liver was defined as mM 1 -stage. Tumor spreading from pancreas to other single distant organ or to two distant organs was defined as mM 2 -stage. Tumor spreading to three or more distant organs was defined as mM 3 -stage.
To evaluate survival time among mM-stage classifications, survival curves were plotted using the Kaplan-Meier estimator and then compared with the log-rank test. We observed that all survival curves were well separated (Fig. 2d) . Patients with advanced mM stages (mM 1 , mM 2 , mM 3 ) had significantly (P < 0.001) shorter survival times than patients with mM 0 -stage (Fig. 2e) . Moreover, the modified M-stage classification was an independent prognostic factor for pNENs, after adjusting for other clinical and pathological characteristics (Table 3) .
To explore discriminatory capability of the modified M-stage classification, Harrell's concordance index was calculated. The mM-stage classification had a better discriminatory capability (Harrell's concordance index, 0.712; 95% CI, 0.692-0.732) than AJCC M-stage and 
Discussion
In agreement with previous studies [9] [10] [11] , the present study also demonstrated that nearly one quarter of patients (37.02%, 987/2666) presenting metastasis at the time of pNEN diagnosis. In addition, liver metastasis was the majority metastatic pattern, followed by lung, bone and brain metastasis. The hematogenous mode of metastasis might contribute to the metastatic pattern, which we have observed in the present study. Unsually, carcinoma cells seed in the liver via the portal venous system. Then, these cells would spread to lung via the inferior vena cava and pulmonary arteries. Finally, the carcinoma cells from lung metastases would seed in other organs via arterial blood [12] . The present study found that with an increasing number of metastatic organs, there was a significant decrease in survival time. In addition, pNENs with liver metastasis had longer overall survival than other single-organ metastatic patterns. However, AJCC and ENETS classify both pNENs with liver metastasis and pNENs with the other metastasitic patterns as M 1 -stage. Our modified M-stage classification distinguishes that tumor spreading from pancreas only to liver should be separated from the other metastatic patterns, and that it is necessary to design individualized treatment and follow-up programs for patients with lung, bone, or brain metastasis.
Usually, pancreatic resection is not performed when the pancreatic malignant tumor has spread to other organs [13] . However, considering the indolent behavior of pNENs and the high frequency of liver metastasis, several clinicians suggested surgical management could give rise to benefit to pNENs with liver metastasis [4, 14] . Birnbaum et al. pancreatic resection could slow down tumor growth and reduce hormone production [14] , possibly resulting in considerable benefit for patients with liver metastasis [4] .
Consistent with previous studies, the tumor size, primary site, differentiation, AJCC T-stage and AJCC N-stage were identified as predictors of distant organ metastasis (Additional file 1: Table S1 ). Unfortunately, SEER database did not record Ki-67 status and graded the primary tumor only on the basis of morphological description (ICD-O-3) in the pathology report. Thus, we failed to evaluate the predictive role of Ki-67 status and WHO 2010 grading classification (NET G1, NET G2, NET G3 and NEC) in distant organ metastasis.
It seems the primary tumor site is a particularly useful predictor because it is available before any operation occurs. Hao et al. reported that compared to tumors located in the head and neck of the pancreas, tumors in the body and tail showed a decreased risk of liver metastasis in pancreatic adenocarcinoma [15] . In contrast, the present study showed that pNENs located in the pancreatic tail are actually 1.728 times more likely (P < 0.001) to develop metastasis, as compared to tumors located in the pancreatic head. This may be due to the fact that patients with pNENs, especially non-functioning pNENs, in the tail of the pancreas are less likely to experience obstructive signs and hormonal symptoms until tumors spread to the peritoneum, spleen, and distant organs [16, 17] . Thus, at the time of diagnosis, distant organ metastases exist in most of these patients.
Some limitations of the present study should be noted. First, the SEER database only provides information on pNEN metastasis to liver, lung, bone, and brain. The frequency of pNEN metastasis might be underestimated. Second, Hlatky et al. noted that multiple metastatic lesions may be related to a short survival time [18] . However, the SEER database did not collect data on the number of metastatic lesions in each distant organ.
Conclusions
In conclusion, this is the first population-based study to investigate the metastatic patterns and predictors in advanced pNENs. We found significant differences in survival time across different metastatic patterns. Thus, the modified M-stage classification show a better discriminatory capability than the AJCC and ENETS M-stage classifications. In the future, clinicians should determine individualized treatment and follow-up programs for pNENs with different metastatic patterns.
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